It is planned to use atomic processes to spread out most of the heating power over the first wall and side walls to reduce the heat loads on the plasma facing components in ITER to 5 0 MW. Calculations indicate that there will be 100 MW in bremstrahlung radiation from the plasma center, 50 MW of radiation from the plasma edge inside the separatrix and 100 MW of radiation from the scrape-off layer and divertor plasma, leaving 50 MW of power to be deposited on the divertor plates. The radiation losses are enhanced by the injection of impurities such as Neon or Argon at acceptably low levels (~0.1 % Argon, etc.)
Introduction
Power exhaust will be a key issue for the next generation of fusion experiments such as ITER 1 . The alpha heating power in ITER will be about 300 MW, with possibly another 100 MW of auxiliary power for driven operation. This gives a peak heat load of about 30 MW/m 2 or larger. To maintain the surface temperature of the divertor plates at an acceptable level requires that the peak heat loads be reduced to ~ 5 MW/m 2 .which requires that the total heat loads on the divertor plates be 50 MW or less. This can be accomplished by using impurity radiation, enhanced by the injection of impurities such as Ne or Ar, to spread out the plasma energy on the first wall and divertor chamber walls. An analysis of the various channels for energy losses from the plasma for the plasma core, the plasma edge inside the separatrix (mantle), the scrape-off layer and divertor plasma, and the divertor plates indicates that it should be possible to radiate about 250 MW of power to the walls before the energy reaches the plate ( Figure 1 and Table 1 ). There will be impurity radiation from the main plasma edge (mantle) just inside the separatrix to the first wall due to line emission from intrinsic impurities and injected impurities such as Neon or Argon. This radiation can be calculated from the radial heat conduction equation and the radiation emission rates for candidate injected impurities (equation 3). If one assumes that the density and the electron transport coefficients are roughly constant, as is approximately true for H-mode plasmas 2 , the radiation losses are proportional to an integral of the radiation emission rate 3,4 ( Figure 3 ). The effect of heat conduction on the radiation losses and the different scaling with density and impurity fraction is significant. With conduction, Q ⊥ ≈ n e √f z , which is much weaker than the volume loss rate ≈ n e 2 f z . Table 2 ). These analytic estimates are consistent with detailed calculations using the WHIST 1 1/2 tokamak transport code with a multi-species impurity transport package with the constraint that ∆P α / P α ≤ 5% andτ E ≈ 2 × τ E ITERP-89 . (Table 4) . These radiation levels can be enhanced by charge exchange recombination and rapid recycling of the impurities 6-8 and the radiation losses calculated as before( Figure 6 ). To radiate the required 100 MW in the divertor plasma takes relatively modest levels of recycling and neutral densities ( Table 5 ).
The power balance in Table 1 thus appears to be achievable for operation with 300 MW of ignited operation. Driven operation with 400 MW of total heating will require larger radiation levels from the divertor. n o /n e (required to radiate 100 MW) 6 × 10 -3 10 -3 3 × 10 -4 10 -3 n e τ recycle (s cm -3 )(required to radiate 100 MW) 2 ×10 10 8 ×10 10 2 × 10 11 10 10
